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a  b  s  t  r  a  c  t
The  present  study  evaluated  the  production  of  Litopenaeus  vannamei  in a high  density  bioﬂoc-dominated
system  using  two  commercial  feeds;  a less  expensive  feed  (US$0.99  kg−1) formulated  for semi-intensive
systems  and the more  expensive  (US$1.75  kg−1)  which  was  designed  for hyper-intensive  systems.  A
67-days  study  was  conducted  in  six 40  m3 lined  with  Ethylene  Propylene  Diene  Monomer  membrane
raceways  (RWs)  ﬁlled  with  mixture  of  seawater  (22 m3),  and  bioﬂoc-rich  water  (18 m3). Each  RW  was
stocked  (500  shrimp  m−3)  using  juveniles  (2.66  g) produced  from  Taura-Resistant  and  Fast-Growth  breed-
ing lines.  The  study  was  composed  of  two  feed  treatments  with  three  replicates  each;  the  cheaper  feed
(SI-35)  contained  35%  crude  protein  (CP),  7% lipid and  4% ﬁber  while  the  more  expensive  one  (HI-35)yper-intensive system
eed
conomic viability
had  the same  levels  of  CP  and lipid  but  only 2% ﬁber.  The  SI-35  treatment  required  more  solids  removal,
oxygen,  and  bicarbonate  supplementation  than  the  HI-35  treatment.  Weekly  growth,  total  biomass,  yield
were signiﬁcantly  lower  in  the SI-35  treatment,  whereas  feed  conversion  ratio  was  higher.  The  economic
analysis  indicates  that  both  feeds  would  be  commercially  viable,  nevertheless,  the  less-expensive  feed
ﬁnancially  underperformed  the  other.
© 2016  The  Authors.  Published  by Elsevier  B.V. This  is  an open  access  article  under  the  CC BY  license. Introduction
The expansion of the shrimp farming industry has stimulated
he intensiﬁcation of the production systems (FAO, 2012). The
yper-intensive shrimp culture system was developed in the 70’s
ith stocking density between 200 and 500 shrimp m−2, 300%
aily water exchange, use of small tanks, and more balanced feeds
Ortega-Salas and Rendón, 2013). Recently, these systems started
o incorporate Bioﬂoc Technology (BFT) (Venero et al., 2009), which
as the potential to reduce environmental impacts associated with
he intensiﬁcation process (McIntosh, 2000; Schryver et al., 2008).
he incorporation of BFT facilitated high density shrimp produc-
ion using limited or no exchange practices with a much smaller
rea than outdoor ponds (DuRant et al., 2011; Samocha et al., 2010,
012).
∗ Corresponding author.
E-mail address: andrebraga pa@yahoo.com.br (A. Braga).
ttp://dx.doi.org/10.1016/j.aqrep.2016.03.002
352-5134/© 2016 The Authors. Published by Elsevier B.V. This is an open access article u(http://creativecommons.org/licenses/by/4.0/).
Feed and feeding practices are important factors affecting any
aquaculture operation. Because it represents one of the major
costs in shrimp production, accounting for over 50% of the total
production costs (Hanson et al., 2009; Son et al., 2011), it can
signiﬁcantly affect proﬁtability. In addition, the effects of feed
on water quality and shrimp growth are important factors to
be considered (Tacon et al., 2002); more so when dealing with
hyper-intensive, bioﬂoc-dominated systems. In a hyper-intensive,
bioﬂoc-dominated system, feed can directly affect the suspended
solids, pH, alkalinity and concentrations of different nitrogen
species, requiring careful monitoring and reﬁnement to maximize
production (Cohen et al., 2005; Furtado et al., 2011; Ray et al., 2010;
Samocha et al., 2007). The interactions between feed, water quality
and productivity have been evaluated in relation to the character-
istics of each kind of culture system resulting in the development
of specially designed feeds to enhance shrimp performance in each
system (Hasan, 2001; Tacon, 1993).
The feed manufacturers have followed the trend to formulate
feed for each kind of system and have available a specially formu-
lated feed to be used in hyper-intensive bioﬂoc-dominated systems
nder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1
Ingredients contained and proximate composition (%) of the more expensive feed
formulated for hyper-intensive systems (HI-35) and the cheaper feed designed for
semi-intensive systems (SI-35) fed to juvenile Litopenaeus vannamei in a 67-day
grow-out trial in hyper-intensive, bioﬂoc-dominated, zero-exchange raceways.
HI-35 SI-35
Ingredientsa
Grain products + +
Marine protein products + +
Plant protein products + +
Processed grain by-products + +
Grain distillers dried yeast +
Hydrolyzed feather meal +
Soy Lecithin + +
Poultry by-product meal + +
Limestone + +
Fish  oil + +
Magnesium oxide +
Potassium chloride +
Dicalcium phosphate + +
Yeast extract +
Butanoic acid +
Calcium proplonate + +
L-ascorbyl-2-polyphosphate + +
Vitamin A acetate + +
Vitamin D3 supplement + +
di-Alpha tocophery acetate + +
Vitamin B12 supplement + +
Riboﬂavin + +
Niacin + +
Calcium pantothenate + +
Menadione sodium bisulﬁte complex + +
Folic acid + +
Thiamine mononitrate + +
Pyridoxine hydrochloride + +
Biotin + +
Astaxanthin +
L-Lysine +
Cholesterol +
Magnese proteinate + +
Zinc proteinate + +
Copper proteinate + +
Calcium iodate + +
Iron proteinate + +
Cobalt proteinate + +
Calcium carbonate + +
Sodium selenite + +
Zinc sulfate +
Zinc oxide +
di-Methlonine +
–
Proximate analysis
Protein 36.10 35.80
Lipids 7.30 9.86
Carbohydrate 45.44 40.54
Fiber 1.61 2.69
Ash  9.55 11.11
Gross energy (kJ g−1)b 16.35 16.44
+ Ingredient present in the feed.
a Since the formulation of the feeds used in the present study is proprietary, the
ingredients composition in terms of g/100 g cannot be shown. The list of ingredientsA. Braga et al. / Aquacult
HI-35, Zeigler Bros., Gardners, PA). This feed is much more expen-
ive than any other commercial feeds available on the market for
ntensive shrimp production system, e.g., the one formulated for
emi-intensive systems (SI-35, Zeigler Bros., Gardners, PA). How-
ver, this trend to use specially formulated feed for each kind of
ystem has been poorly investigated. For example, the effects of
eeding a cheaper commercial feed formulated for semi-intensive
ystem on Litopenaeus vannamei production in a hyper-intensive
ioﬂoc-dominated system has not been evaluated. Thus, the aim of
he present study was to evaluate the effect of feeding commercial
iet formulated for semi-intensive systems on selected water qual-
ty indicators, performance, and proﬁtability of a system used for
roduction of L. vannamei under high density, no water exchange,
nd bioﬂoc-rich conditions.
. Materials and methods
.1. Animals and experimental design
A 67-day study was conducted at the Texas AgriLife Research
ariculture Laboratory at Flour Bluff, Corpus Christi, TX, USA.
he trial was composed of two feed treatments with three repli-
ates each. According with the manufacturer, the ﬁrst feed (SI-35,
S$0.99 kg−1) was formulated to have 35% crude protein (CP), 7%
ipid and 4% ﬁber and was designed for semi-intensive shrimp
ulture systems. The other feed (HI-35, US$1.75 kg−1) was formu-
ated to have 35% CP, 7% lipid and 2% ﬁber, and was  intended
or hyper-intensive bioﬂoc shrimp production systems. Both feeds
ere produced by Zeigler Bros., Gardners, PA, USA. Since the formu-
ation of the two feeds is proprietary, the ingredients composition
f the tested feeds cannot be shown in the present study. However,
he ingredients contained in each feed are shown in Table 1.
The juvenile shrimp (2.66 g) for the study were raised for 49 days
t the facility from ten-day-old postlarvae (PL10). Postlarvae were
roduced by Shrimp Improvement Systems (Islamorada, FL, USA)
rom Taura-Resistant and Fast-Growth breeding lines. Shrimp were
tocked (500 juveniles m−3) in six 40 m3 raceways (RW). Each
W (25.4 m × 2.7 m)  was lined with Ethylene Propylene Diene
onomer membrane (Firestone Specialty Products, Indianapolis,
N, USA) and was equipped with a center longitudinal partition
ositioned over a 5.1 cm PVC pipe with sprayer nozzles. Every RW
ad six banks of three 5.1 cm airlift pumps positioned equidistance
n both sides of the partition. In addition, each RW had six 0.91 cm
ong air diffusers (1.9 cm OD, Aero-TubeTM, Tekni-plex Aeration,
ustin, TX, USA), a 2 hp centrifugal pump, and a Venturi injector
apable of introducing atmospheric air or a mixture of oxygen and
ir. Raceways were ﬁlled with 18 m3 of water used in the preceding
9-day nursery period and another 22 m3 of natural seawater and
unicipal freshwater in order to maintain the salinity around 30.
Shrimp were fed by hand for the ﬁrst three days and from Day
–11 using a combination of hand-feeding and automatic belt-
eeders. From Day 12–47 two thirds of the daily ration was  fed
y hand during the day while the rest was delivered at night using
elt-feeders. Beginning on Day 48, shrimp were fed solely by belt-
eeders. Initial daily rations were based on an assumed weekly
rowth of 1.5 g week−1, feed conversion ratio (FCR) of 1.4, and mor-
ality of 0.5% week−1. Rations were later adjusted weekly based on
bserved feed consumption and results from shrimp sampling. The
ation adjustments were conducted using the following equation:
F = (N × G × FCR × S)/7n which, AF = amount of daily ration; N = number of shrimp
tocked in each RW at the beginning of the study; G = expected
eekly growth (g week−1); FCR = expected FCR for the week; and
 = expected survival (%) for the week.shown in this Table were obtained from the label attached to bags of each feed.
b Energy was calculated assuming the physiological fuel values of 16.7, 16.7 and
37.4 kJ g−1 for protein, carbohydrate and lipids, respectively (FAO, 2003).
2.2. Proximate composition of the feeds
Samples of each feed were analyzed by the New Jersey Feed
Laboratory Inc. (Trenton, NJ, USA) for proximate composition. All
values were expressed on a dry weight basis.
2.3. Water qualityWater temperature, salinity, dissolved oxygen (DO), and pH,
were monitored twice daily using a YSI 650 Series multi-probe
meter (YSI Inc. Yellow Springs, OH, USA). Alkalinity was measured
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Table 2
Mean (±standard deviation; SD), minimum (Min) and maximum (Max) values of daily water quality parameters for the treatments composed of the more expensive feed
formulated for hyper-intensive systems (HI-35) and the cheaper feed designed for semi-intensive systems (SI-35) in a 67-day grow-out trial with Litopenaeus vannamei in
hyper-intensive, bioﬂoc-dominated, zero-exchange raceways.
HI-35 SI-35
Mean (±SD) Min–Max Mean (±SD) Min–Max
Temperature (◦C) 30.04 ± 0.67 27.46–31.59 29.91 ± 0.55 28.06–31.54
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DDissolved oxygen (mg  L−1) 5.75 ± 1.11 
pH  7.12 ± 0.22 
Salinity 28.43 ± 3.01 
wice a week, total suspended solids (TSS) and settleable solids
SS) were monitored three times a week, while turbidity, volatile
uspended solids (VSS), 5-day carbonaceous biochemical oxygen
emand (cBOD5), total ammonia nitrogen (TAN), nitrite-nitrogen
NO2 N), nitrate-nitrogen (NO3 N), and phosphate (PO4) were
onitored weekly. Each RW was equipped with a YSI 5500D multi-
arameter monitoring and alarm system with an optical DO probe
YSI Inc.). Real-time DO data from all six RWs  was  recorded by the
onitoring system and uploaded to a computer which could be
ccessed from remote locations. Whenever the monitoring system
ecorded DO levels below 4.5 mg  L−1, ambient air was enriched with
ottled oxygen at a ﬂow rate of 3.4–8.2 LPM.
Sodium bicarbonate was added to RWs  to target 160 mg
aCO3 L−1. A small commercial foam fractionator (FF) (VL65,
quatic Eco System, Apopka, FL, USA) and a homemade settling
ank (ST) were operated intermittently in each RW,  targeting cul-
ure water TSS concentrations between 200 and 400 mg  L−1 and
S between 10 and 12 mL  L−1 based on criteria used by Samocha
t al. (2007). Settling tank ﬂow rates varied between 8.5 and
2 L min−1. Molasses was used as carbon source to raise the C:N
atio to 15 in order to stimulate growth of the bacterial biomass
Avnimelech, 2012). Raceways were maintained with no water
xchange throughout the study. Municipal freshwater was  added
eekly to compensate for water losses due to evaporation and
peration of the FF and ST.
.4. Zootechnical performance
Sampling of the shrimp was carried-out twice a week. At each
ampling, 100 animals were randomly selected and weighed. At the
nd of the experiment, the zootechnical performance of L. vannamei
as evaluated by ﬁnal weight (g), growth (g week−1), FCR, survival
%), yield (kg m−3) and total biomass (kg)..5. Economic analysis
The indicators of proﬁtability used in the present study were
ost of production, net return, net present value, payback period,
able 3
ean (±standard deviation; SD), minimum (Min) and maximum (Max) values of weekly 
ormulated for hyper-intensive systems (HI-35) and the cheaper feed designed for semi-
yper-intensive, bioﬂoc-dominated, zero-exchange raceways.
HI-35 
Mean (±SD
Total ammonia nitrogen (mg  L−1) 0.22 ± 0.11
Nitrite-nitrogen (mg  L−1) 0.40 ± 0.40
Nitrate-nitrogen (mg  L−1) 140.64 ± 79
Phosphate (mg  L−1) 9.21 ± 3.97
Five-day carbonaceous biochemical oxygen demand (mg  L−1) 37.1 ± 15.8
Settleable solids (mL  L−1) 8.4 ± 4.1 
Total  suspended solids (mg  L−1) 223.8 ± 69.
Volatile suspended solids (mg  L−1) 161.8 ± 66.
Turbidity (NTU) 90.8 ± 22.6
Alkalinity (mg  L−1) 208.1 ± 43.
ifferent superscript letters within each row indicate statistically signiﬁcant differences 56–6.96 5.77 ± 1.08 4.49–7.58
24–7.57 7.12 ± 0.24 6.25–7.51
44–36.51 28.34 ± 2.86 24.56–36.69
and internal rate of return. Ten-year cash ﬂows and enterprise
budgets were developed to provide those indicators for each
dietary treatment using the shrimp production results of this study
and extrapolating them into the context of a commercial facility.
This hypothetical analysis assumed using one greenhouse sys-
tem with ten 500 m3 RWs: eight for the grow-out and two for
the nursery phase to raise the PL10 to the 2.66 g juvenile shrimp.
Analyses included a ﬁxed cost component covering construction
and equipment/machinery costs (initial investment approximately
US$992,000). Other critical prices and costs used in the analysis
include the heads-on selling price of shrimp (US$7.20 kg−1), the
cost of the two  feeds (HI-35: US$1.75 kg−1 and SI-35: US$0.99 kg−1),
juvenile production costs (US$20 per 1000 to raise the PL10 to juve-
nile size), and an interest rate of 8% for operating, equipment and
construction loans.
2.6. Statistical analyses
Daily and weekly water quality data from the two treatments
was analyzed by Linear Mixed Models, using Factor Analytic (First
Order, Heterogeneous). Shrimp mean ﬁnal weight, weekly growth
rate, survival (arcsine transformed), FCR, yield, and total biomass
were analyzed using one-way ANOVA, which was preceded by eval-
uation of the statistical assumptions. SPSS statistical software (V. 20
for Windows, SPSS Inc., Chicago, Illinois) was used for all analyses.
A signiﬁcance level of P < 0.05 was used for all statistical tests.
3. Results
3.1. Proximate composition of the feedsBoth feeds had similar protein, lipids, carbohydrate, ash levels
and gross energy (Table 1). The SI-35 feed contained twice as much
ﬁber as the HI-35 (2.69 and 1.61%, respectively).
water quality parameters for the treatments composed of the more expensive feed
intensive systems (SI-35) in a 67-day grow-out trial with Litopenaeus vannamei in
SI-35
) Min–Max Mean (±SD) Min–Max
 0.08–0.49 0.26 ± 0.10 0.10–0.51
 0.06–2.24 0.47 ± 0.32 0.10–1.22
.01 39.53–358.72 136 ± 65.45 45.54–285.71
 0.52–16.37 10.75 ± 5.55 0.28–21.06
 10.4–69.5 37.8 ± 13.8 14.5–62.8
2.0–21.0 11.3 ± 4.3 2.5–27.0
8b 115.0–551.7 278.2 ± 66.1a 155.0–460.0
0b 92.0–435.0 205.3 ± 44.2a 116.7–287.5
b 45.7–132.0 125.4 ± 37.1a 67.9–246.0
3a 123.0–274.0 171.4 ± 25.6b 102.0–230.0
(P < 0.05).
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Table  4
Summary of molasses, foam fractionator, settling tank, bicarbonate, oxygen and
water usage in a 67-day grow-out trial with Litopenaeus vannamei using the more
expensive feed formulated for hyper-intensive systems (HI-35) and the cheaper feed
designed for semi-intensive systems (SI-35) in hyper-intensive, bioﬂoc-dominated,
zero-exchange raceways.
HI-35 SI-35
Molasses (L) 10 10
Foam fractionator (h) 812 1253
Settling tank (h) 87 391
Total bicarbonate supplementation (kg) 41.6 53.6
Oxygen supplementation (m3 kg−1 shrimp) 0.65 0.73
Water use (m3 kg−1 shrimp) 0.13 0.14
Table 5
Zootechnical performance of Litopenaeus vannamei fed the more expensive feed
formulated for hyper-intensive systems (HI-35) and the cheaper feed designed
for semi-intensive systems (SI-35) in a 67-day grow-out trial in hyper-intensive,
bioﬂoc-dominated, zero-exchange raceways.
HI-35 SI-35
Final Weight (g) 22.12 ± 11.35 19.74 ± 8.28
Growth per week (g week−1) 2.03 ± 0.01a 1.76 ± 0.10b
Feed Conversion Ratio 1.25 ± 0.01b 1.43 ± 0.04a
Survival (%) 87.39 ± 0.52 88.34 ± 4.18
Yield (kg m−3) 9.74 ± 0.04a 8.71 ± 0.22b
Total Biomass (kg) 389.81 ± 1.77a 348.49 ± 9.21b
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   HI-35: r2 = 0.99; P < 0.00001; 
W = 0.3131 + 0.3256*D
 SI-35:  r2 = 0.98; P < 0.00001;
  W = 0.2242 + 0.3017*D
Regression lines are significantly different (P<0.002)
Fig. 1. Relation between mean weights of Litopenaeus vannamei (W)  and culture
time in days (D) for the treatments composed of the more expensive feed formulated
for  hyper-intensive systems (HI-35) and the cheaper feed designed for semi-
intensive systems (SI-35) in a 67-day trial in super-intensive bioﬂoc-dominated zero
exchange raceways.
Table 6
Summary of assumed production and sales for the hyper-intensive recirculating
shrimp production systems comparing the more expensive feed formulated for
hyper-intensive systems (HI-35) and the cheaper feed designed for semi-intensive
systems (SI-35).
HI-35 SI-35
Production (kg crop−1) 38,960 34,840
Crops year−1 5.5 5.5
Production (kg year−1) 214,280 191,620
Selling price (US$ kg−1) 7.20 7.20
Total annual sales (US$) 1,542,816 1,379,664
Table 7
Summary enterprise budgets for the hyper-intensive recirculating shrimp produc-
tion systems comparing the more expensive feed formulated for hyper-intensive
systems (HI-35) and the cheaper feed designed for semi-intensive systems (SI-35),
in  US$ kg−1.
HI-35 SI-35
Gross Receipts (US$ kg−1) 7.20 7.20
Variable production costs (US$ kg−1) 4.06 4.54
Income above variable Cost (US$ kg−1) 3.14 2.66
Fixed cost (US$ kg−1) 0.47 0.53
Total of all speciﬁed expenses (US$ kg−1) 4.53 5.07
Net  returns above all costs (US$ kg−1) 2.67 2.13
Payback period (years) 1.4 1.9ifferent superscript letters within each row indicate statistically signiﬁcant differ-
nces (P < 0.05).
.2. Water quality
Tables 2 and 3 summarize daily and weekly water quality
arameters, respectively. There was no signiﬁcant difference in
ll daily water quality parameters between the two  treatments
Table 2). Among the weekly water quality parameters, TAN lev-
ls remained below 0.5 mg  L−1 throughout the study, while NO2 N
evels remained below 2.24 mg  L−1 with no signiﬁcant differences
etween treatments. Likewise, the NO3 N, PO4, cBOD5 and SS
evels did not show signiﬁcant differences between treatments.
owever, TSS, VSS, and turbidity were signiﬁcantly higher in the
I-35 treatment, whereas alkalinity was signiﬁcantly lower in this
reatment (Table 3).
Molasses supplementation was the same for both treatments
nd was used when TSS and SS were lower than the target levels
rom Day 2 to Day 5, and an algal growth observed via chang-
ng of water color from Day 9 to Day 26. From Day 27, molasses
upplementation was not necessary. The total bicarbonate supple-
entation was higher in the SI-35 than in the HI-35 treatment.
peration of the FFs and the STs was initiated on Day 7 and Day 44
or both treatments, respectively. However, the hours of operation
f the FFs and STs were higher in the SI-35. In both treatments, oxy-
en supplementation was initiated on Day 17 and continued until
he end of the trial. From Day 17 until Day 38 the supplementation
as intermittent, whereas from Day 39 until the end of the study
upplemental oxygen was used continuously. The amount of oxy-
en used to produce 1 kg of shrimp was approximately 12% higher
n the SI-35 treatment compared to the HI-35 treatment. The vol-
me  of water used to produce 1 kg of shrimp was slightly higher
or the SI-35 treatment than the HI-35 (Table 4).
.3. Zootechnical performance
Final weight and survival did not show signiﬁcant difference
etween treatments. However, mean weekly growth, yield, total
iomass were signiﬁcantly lower, whereas FCR was signiﬁcantly
igher in treatment SI-35 than HI-35 (Table 5). The regression
odels for the relation between mean shrimp weights and daysNet  present value (US$ million) 2.9 2.0
Internal rate of return (%) 66.6 50.1
of culture were signiﬁcantly different between the treatments
(P < 0.002) (Fig. 1).
3.4. Economic analysis
The production per crop, crops per year, total production per
year, and total sales per year for both treatments are presented in
Table 6. The production parameters and total sales were approxi-
mately 10% lower for the SI-35 treatment over the HI-35. Table 7
provides a summary enterprise budget for both treatments. SI-35
treatment had variable production costs of US$0.48 kg−1 higher
than the HI-35. The return was  US$0.54 kg−1 lower in the SI-35
treatment than HI-35. The payback period was 0.5 years more for
the SI-35. The net present value was  US$900,000 lesser for the SI-
35 treatment than HI-35. Likewise, the internal rate of return was
lower for SI-35 (Table 7).
1 ure Re
4
f
r
o
c
u
t
t
p
a
p
f
b
u
d
a
u
g
t
s
n
i
c
t
c
b
i
(
c
s
t
w
o
V
r
b
t
m
t
o
i
E
t
r
b
o
t
b
d
e
o
p
R
T
e
v
3
t
o
d76 A. Braga et al. / Aquacult
. Discussion
Daily water quality variables did not show signiﬁcant dif-
erences between treatments and were maintained within the
ecommended range throughout the trial. In bioﬂoc systems, the
xygen consumption of the bacterial communities, the shrimp, and
ertain daily practices (e.g., molasses supplementation, feeding),
sually result in a decreasing trend in DO concentration from cul-
ure initiation to the end (Avnimelech, 2012; Burford et al., 2003). In
he present study, the oxygen supplementation was  used to avoid
otential harmful effects of this decreasing trend on shrimp growth
nd to allow further intensiﬁcation. From Day 17 until Day 38, sup-
lementation was in response to molasses supplementation and
eeding for both treatments. Beginning on Day 39, when shrimp
iomass was estimated to be 6 kg m−3, supplemental oxygen was
sed 24 h day−1; again for both treatments. Thus, feed treatment
id not affect the total amount of oxygen used to keep DO level
bove 4.5 mg  L−1. However, when it was considered the oxygen
sed to produce 1 kg of shrimp, it was possible to note that oxy-
en supplementation in the SI-35 was higher than in the HI-35 due
he lower total biomass produced in the ﬁrst treatment.
The levels of TSS, turbidity, and VSS in the SI-35 treatment were
igniﬁcantly higher than the HI-35 treatment. In addition, it was
ecessary a higher number of hours of operation for the FFs and STs
n the SI-35 treatment required to maintain the desired TSS and SS
oncentration compared to the HI-35 treatment. It is possible that
hese differences stemmed from the higher levels of non-digestible
omponents in the SI-35 than the HI-35 feed (see Table 1). Relation
etween non-digestible components of feed and solids increase
n bioﬂoc system was previously suggested by López-Elías et al.
2015), who discussed that feed with higher levels of ﬁber could
reate higher amount of ﬂocculated material that can be used as
ubstrate by heterotrophic bacteria and other organisms.
In both treatments, alkalinity levels were maintained higher
han 100 mg  CaCO3 L−1 via sodium bicarbonate supplementation,
hich is in agreement with the recommendations reported by
ther researchers for growing penaeid shrimp (Furtado et al., 2011;
an Wyk  and Scarpa, 1999). Despite this supplementation, it was
ecorded lower alkalinity level and higher amount of sodium bicar-
onate used to maintain alkalinity in the SI-35 than in the HI-35
reatment. These differences between feed treatments actually
ay  have been an effect of higher solids levels observed in SI-35
hroughout the experimental period. Some researchers also have
bserved lower alkalinity levels under higher solids conditions
n bioﬂocs systems (Ray and Lotz, 2012; Schveitzer et al., 2013).
beling et al. (2006) have explained clearly the nitriﬁcation process
hat occurs in zero-exchange systems from the solids accumulation,
esulting in the use of inorganic carbon from the alkalinity by the
acteria, which may  explain the lower alkalinity and higher amount
f sodium bicarbonate used to correct its level in SI-35 compared
o HI-35.
The shrimp performance indicators for both feeds are generally
etter than those reported before for super-intensive, bioﬂoc-
ominated and no exchange operations (Ray and Lotz, 2012; Schock
t al., 2013; Wasielesky et al., 2013). In addition, the results
btained in the current study showed continued improved shrimp
erformance compared to earlier studies at the Texas AgriLife
esearch Mariculture Laboratory (Samocha et al., 2010, 2012).
hese comparisons with the results reported in previous studies
vidence that the use of both HI-35 and SI-35 can provide a good L.
annamei production under hyper-intensive conditions.
Although shrimp production was improve in both HI-35 and SI-
5 treatments in comparison to past studies, a clear response to
he type of feed was found in the current trial. The effect of type
f feed is presented by regression models, which are signiﬁcantly
ifferent between the treatments, resulting in the lower weeklyports 3 (2016) 172–177
growth and yields and, consequently, higher FCR in the SI-35. Since
all of the water quality parameters were maintained within the
range recommended for shrimp culture throughout the study, the
observed differences in shrimp performance are mostly associated
to the feed.
The economic analysis of proﬁtability indicated that both
feeds would be commercially viable in a hyper-intensive, bioﬂoc-
dominated, zero-exchange system. However, the later growth
recorded in the SI-35 directly affected the results. The production
parameters and total sales were approximately 10% lower for the
SI-35 treatment over the HI-35 (Table 6). The total production cost
per kg of harvested shrimp was US$ 0.54 more for the SI-35 treat-
ment than the HI-35, which is probably associated to higher amount
of used feed and variable costs (e.g., use of sodium bicarbonate and
oxygen supplementation, see Table 4) in the former. In addition,
the net returns above all costs was  US$ 0.54 kg−1 lower in the SI-
35, resulting in a longer payback period, and lower net present
value and internal rate of return for this feed (Table 7). Based on
these results, we can conclude that the lower-price feed (SI-35)
ﬁnancially underperformed the more-expensive feed (HI-35).
5. Conclusions
The results from this study suggest that both the HI-35 and the
SI-35 feeds can be used for growing shrimp under high density,
bioﬂoc-dominated no water exchange conditions. However, feed-
ing the shrimp a feed formulated for semi-intensive systems under
hyper-intensive conditions, not only required more resources to
maintain adequate water quality but also lessen shrimp growth,
yield, and proﬁtability compared to the feed speciﬁcally designed
for the conditions experienced in the present study.
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